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EXECUTIVE SUMMARY
This report provides a summary of the principal fire protection and life safety features for a mixed
use commercial and residential Podium Building for compliance with the 2000 International
Building Code (IBC) and the 2003 NFPA 101 “Life Safety Code”.
IBC permits compliance with the prescriptive Code requirements using Alternative Solutions that
will achieve at least the minimum level of performance required by the IBC as defined by the
objectives and functional statements and as described in the NFPA 101 Chapter 5. Alternative
solutions for this project were modeled using the Fire Dynamics Simulator (FDS).
One of the primary recommendations for this project is the application of the Code requirement
relative to protection of unprotected openings (windows/doors) using the fire sprinkler water
curtains or listed fire shutters for buildings across an imaginary property line in accordance with
IBC Section 704.3. Refer to Part 9 of this report.

Mixed Use Commercial & Residential Podium Building 2013

PART 1: INTRODUCTION
The project consists of two residential midrise structures located at 2630 77th Avenue SE
(Building A) and 7785 Sunset drive (Building B) in Mercer Island, WA. The 2, four storey
residential structures are located above one level of above ground retail and parking structure,
having the same address as Building A. Building A has 90 residential rental units, Building B has
95 residential rental units, Parking/Retail building contains six commercial retail units (CRUs),
plus amenity space and parking spaces for visitors and residents. This type of mixed use
construction is typically referred to as a Podium Building.
Figure 1: Site Plan

Podium Building ‐ This building type separates the buildings above and below a required 3‐hour
horizontal assembly into separate and distinct buildings for the purposes of determining area
limitations, continuity of firewalls, number of stories and type of construction only. Industry
standard for the height of the wood‐framed building is measured from the top of the podium
slab to the average roof sheathing elevation. Using the podium slab as the base for the light‐
framed walls sheathed with wood structural panels. For all other building code requirements
this complex is considered as a single building because two residential structures are
interconnected by a single parking garage. Therefore, requirements for sprinkler system
standard are applicable to the building as a whole with the total building height measured from
the grade level. This building type is commonly referred to as a podium building; however, this
term does not appear in the IBC.
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Purpose of Report ‐ This report addresses the life safety and fire protection requirements of the
International Building Code 2000 (IBC 2000). This report is intended for academic purposes only
and is submitted to the faculty of California Polytechnic State University as part of the
culminating experience project for FPE 596.
Applicable Building Code ‐ This report provides a summary of life safety and fire protection
features as they are incorporated into this project in accordance with IBC 2000 and NFPA 101
All references in this report are to the 2000 International Building Code, unless
otherwise indicated.
PART 2: BUILDING CHARACTERISTICS
IBC Types of Construction – The following excerpt is from IBC Table 503. This table summarizes
typical construction types.
Figure 2:

Types of Construction (IBC)

Each type of construction is further subdivided into category A or B. Therefore the usual
reference to type of construction would specify type and category (ie, Type IA or Type IB).
Type IA construction provides the most fire‐resistive construction rating and as such, the
most expensive type of construction. Type IA construction allows for unrestricted building
2|Page
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height and area and allows for most occupancy load. Refer to Figure 3 below for examples
for each type of construction.
Figure 3:

Construction Type Chart

Determination of Total Building Height ‐ The site is relatively flat, with the Parking/Retail
Building constructed at grade and one below grade parking level. The four‐storeys residential
structures (Buildings A and B) are constructed above the Parking/Retail Building at the
podium and start at Level 2 through 5 (4 floor levels). In accordance with Reference 508.2,
the height of the wood‐framed building is measured from the top of the podium slab to the
average roof sheathing elevation. Therefore residential Buildings A and B are considered
four‐storeys in height for their type of construction requirements only.
The total building height (Residential structures + Parking/Retail building) is determined in
accordance with Chapter 5 Section 502, where the building height is measured from the
grade plane to the average height of the highest roof surface, therefore, the total building
height is five‐storeys from the grade level to the top most floor. The total building height is
used for all other International Building Code (IBC) requirements. Specifically sprinkler
system standard is determined based on the total building height, not just the height of the
wood‐framed structures.
Height Summary:
‐ Residential structures
‐ Total Building Height

=
=

4 storeys in height (Type of Construction Only)
5 storeys in height (All other IBC Requirements)
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Separation of Buildings ‐ The complex consists of two residential structures (Buildings A and B),
interconnected via an above grade common Parking/Retail structure. This complex is subdivided
into three separate buildings in accordance with IBC 2000 Reference 508.2 for “Group S‐2
enclosed parking garage with Group A, B, M or R above”. Considering all three structures on
this project as separate buildings for construction purposes only will allow each building’s
individual area (footprint) to be considered for the determination of construction
requirements. This separation of buildings will allow for combustible construction of
residential structures above the Parking/Retail building.
Note, if Reference 508.2 is not applied, the most demanding construction requirements of
the Parking/Retail building would apply to all structures on this project, triggering
Residential Buildings A and B to be of noncombustible construction. Refer to Figure 2 above.
Reference 508.2 typically refers to Group S‐2 (parking garage) building under the 3‐hr podium
for separation of building purposes. However, a number of exceptions are permitted as
below:
•
•

Group A (Assembly) with less than 300 persons, and
Group B (Business) or Group M (Mercantile) are permitted provided that the entire
structure below the horizontal assembly having a minimum 3‐hour fire‐resistance rating
and is protected by an approved automatic sprinkler system.

This project complies with both of the requirements stated above and therefore Assembly
(Group A) and Mercantile (Group M) occupancies are provided in this development.
Separation of buildings is only applicable for construction requirements, for all other building
code requirements this complex is still a single building because two residential structures are
interconnected by a single parking garage. This applies for example to sprinkler system standard,
fire alarm system, building evacuation concept, and other building code requirements.
Reference 508.2 (IBC 2000) requires that the podium building is constructed as Type IA
construction with a horizontal assembly having a minimum 3‐hr fire resistance rating.
Therefore, all load bearing walls, columns and arches that support a 3‐h horizontal fire barrier
are required to have a 3‐h fire rating at least equivalent to that required for the supported
assembly.
Schematic for separation of buildings is shown in Figure 4 on the next page. Building A, Building
B and Parkade/Retail building are all shown as separate buildings for construction requirements.
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Figure 4:

Three Separate Buildings for Construction Requirements

Summary of Building Characteristics ‐ Based on the residential structures and retail/parking
structure being considered as separate buildings in accordance with reference 508.2 for Group
S‐2 enclosed parking garage with Groups A, B, M or R above, a summary of the major building
characteristics for each building is shown in Tables 1 and 2 below. Figure 5 replicates IBC Table
503 for allowable heights and building areas based on occupancy classification.
Buildings A and B
Type III A and Group R‐2 have been highlighted to represent residential (Apartment) building
requirements.
Figure 5:

IBC Table 503

5|Page

Mixed Use Commercial & Residential Podium Building 2013

Based on Table 503 Residential buildings A and B are constructed as Type III A construction.
Refer to Part 2 of this report for structural fire protection requirements associated with Type III
A construction.
A brief discussion of other types of construction considered for the residential structures is
presented below. This is based on IBC Table 503 requirements, replicated in Figure 5 above.
Other types of construction considered: (See Figure 5 above)
1.
Type III (B) – overall building area (footprint) permitted for this type of construction is
only 1,487 m² (16,000 sq.ft.) Both Buildings A and B are just over 2,300 m² (25,000 sq.ft)
per each building.
2.
Type IV – This type of construction requires Heavy Timber materials and as such is not
applicable to this project.
3.
Type V (A) – this type of construction is limited to only 3 storeys + 1 storey for sprinkler
system provision and to a total building area (footprint) of only 1,115 m² (12,000 sq.ft).
Building area for Type VA construction is too small to be applicable.
Therefore Buildings A and B are constructed as Type III A. Summary of residential buildings
characteristics are as follows:
Table 1:
Building A & B Characteristics
Residential R2 – Apartment Building
Major Occupancies
Type III A
IBC Requirement
Combustible Construction Permitted
Construction Type
1 h – Residential to Residential
Floor Fire Ratings
3 h – Residential to Parkade (Ref. 508.2)
Roof Fire Rating
1h
Building Height:
‐ Residential Structures
4 Storeys (for Type of Construction Only (Ref. 508.2))
‐ Total Building Height
5 Storeys (for all other IBC Requirements)
Building Areas:
‐ Bldg A
2,310 m² (2710 m² permitted per modification)
‐ Bldg B
2,295 m² (2745 m² permitted per modification)
Sprinkler System
Required (NFPA 13 for 5 storey building)
Required (NFPA 72)
Fire Alarm System
Required (NFPA 14)
Standpipe
Note:

Building area for Buildings A and B exceed the IBC requirements. Therefore area
modification for each building will be applied in accordance with Sections 504.2.
Refer to Area Modifications section below.
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Residential Building Area Modification ‐ Based on Table 503 “Allowable Height and Building
Areas” in Figure 5, the maximum allowable height and footprint for any of the residential
Buildings A or B is limited to 4 storeys in building height and 2,230 m² (24,000 sq.ft) in building
area (footprint). Height requirement is met. Area will be modified as following:
Area ‐ the building area (footprint) can be modified in accordance with Section 506.1 equations
5‐1 and 5‐2 from IBC as presented below:

Area Modification Calculations
1.

Building A
Aa = 24,000 + [(24000 * 19.5) ÷ 100] + [(24,000 * 2.0) ÷ 100] => 29,160 sq.ft
(2,710 m²) If = 100 * [(512 ft ÷ 945.5 ft) ‐ 0.25] * (20/30) = 19.5
As such Building A area (footprint) can be increased up to 2,710 m² (29,170 sq.ft) total.
Original area (footprint) permitted per IBC Table 503 is only 2,230 m² (24,000 sq.ft).

2.

Building B
Aa = 24,000 + [(24000 * 16.5) ÷ 100] + [(24000 * 2.0) ÷ 100] => 29,536 sq.ft
(2,744 m²) If = 100 * [(481 ft ÷ 954.5 ft) ‐ 0.25] * (20/30) = 16.5
As such Building B area (footprint) can be increased up to 2,744 m² (29,537 sq.ft) total.
Original area (footprint) permitted per IBC Table 503 is only 2,230 m² (24,000 sq.ft).

Note: Parking/Retail Building is permitted to be unlimited in building area per IBC Table 503
therefore area modification method was not applied for that building.
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Parking / Retail Building
This is a ground level building (Podium) that provides a structural platform for Buildings A
and B. The summary of building’s characteristics are as following:
Table 2:
Parking/Retail Building Characteristics
Group S2 – Parking Garage
Major Occupancies
Group M – Mercantile (Retail Units)
Group A2 – Assembly (Amenity Room)
IBC Requirement
Type I A (Ref. 508.2)
Construction Type
Noncombustible construction
2 h – Between lower and upper parkade levels
Floor Fire Ratings
3 h – Columns/Supports
Structural Frame
3 h – Parking Garage to Residential
Podium Fire Rating
One underground and one above ground levels
Building Height
Building Areas
6,160 m² (Unlimited area permitted)
Sprinkler System
Required (NFPA 13)
Fire Alarm System
Required (NFPA 72)
Standpipe System
Required (NFPA 14)
Note that where building services penetrate the horizontal 3‐h fire barrier between the
Parking/Retail Building and the remainder of the project as required by IBC 2000 Section
711.4.1.2 the firestopping requires a 3‐h FT (Fire and Temperature) rating. This is discussed
further in the Firestopping section of the report.
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PART 3: PASSIVE BUILDING SYSTEMS
Section 3.1 Buildings A and B Structure Protection (Residential)
Section 3.2 Parking / Retail Building Structure Protection (Commercial)
Section 3.3 Fire Protection of Penetrations and Closures
Section 3.4 Interior Material Finishes
Section 3.5 Exposure Analysis (Building Separation Distance)
3.1

Residential Buildings A and B

Structural fire resistance rating requirements are based on IBC 2000 Table 601 “Fire
Resistance Rating Requirements for Building Elements (hours)”. This table is replicated below
in Figure 6.
Building Type III A ‐ Combustible Construction Structure
Figure 6:

IBC Table 601

Building Elements ‐ based on the requirements from Table 601 above:
1.
Structural frame, including all load bearing walls, columns and arches provides a
fire‐ barrier rating of at least 1‐hr.
2.
Floor assemblies between separate dwelling units are constructed as fire barriers
with fire‐resistance ratings of 1‐hr.
3.
Exterior bearing walls are all 2‐hr fire resistance rating protected from the inside of the
building, not the exterior side in accordance with Section 704.5
4.
Roof construction is 1‐hr.
5.
For exits fire separation requirements refer to the Exit Systems section in Part 4 of this
report.
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Floor assemblies between the Parking/Retail Building and the dwelling units above are
constructed as 3‐h fire barriers in accordance with Reference 508.2.
For fire protection in multi‐family residential structures, the building code uses the concept of
compartmentation to contain a fire by requiring the use of fire‐resistive assemblies for corridor
fire separations and for separations between units. In addition, fire stops and draft stops are
required to prevent movement of flame and hot gases (including smoke) to other areas of the
building. One‐hour fire‐resistive construction is usually the minimum required fire‐resistance
rating for vertical and horizontal fire separations between each dwelling unit.
ASTM E119 fire tests have been conducted on many wood frame wall and floor/ceiling
assemblies sheathed with fire‐rated (Type X) gypsum wallboard to demonstrate their fire‐
resistance performance for establishment of fire‐resistance ratings.
Refer to Figure 7 below for residential fire separation requirements. Bashed blue line represents
a 1‐hr fire barrier, red dashed dot line represents a 2‐hr fire barrier and a purple dashed line with
3 dots is for podium building fire resistance rating, which is a 3‐hr. Also see legend below the
Figure 7.
Figure 7:

Residential Buildings Fire Separations

Continuity of fire partitions on Level 5 must extend to the underside of the roof structure to
maintain a required fire separation between all units at the attic in accordance with Section
708.4.
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Fire barriers for areas that are incidental to the main occupancy are determined based on Table
302.1.1 of the IBC 2000. See Appendix A for Table 302.1.1. Separation requirements are as
following:
•
•
•

Electrical Closets ‐ all electrical closets are constructed to provide a 1‐h fire barrier.
Garbage rooms ‐ are constructed to provide a 1‐h fire barrier
Residential Suite Doors ‐ doors between residential suites and a public corridor
are required to provide a fire protection rating of at least 20 minutes in
accordance with Table 714.2 of IBC.

Exterior Wall Construction / Cladding – Type III construction requires the exterior walls to be
constructed with noncombustible materials. As an exception to using noncombustible
construction, section 602.3 of the IBC states that fire‐retardant‐treated wood (FRTW) framing
complying with IBC §2303.2 is permitted for exterior wall assemblies with ratings of two‐hours or
less, basically allowing wood frame construction for many structures where noncombustible
materials are required.
Architectural trim on the exterior side of the exterior walls for buildings of Type III A construction
that exceeds 40 feet (12 m) in height above the grade plane shall be constructed of approved
noncombustible materials and shall be secured to the wall with metal or other approved
noncombustible brackets in accordance with Section 1406.2.2 of IBC. The total building height
measured from grade to the floor height of Level 5 is approximately 14.5 m (47.8 ft). Therefore
these requirements must be met.
Balconies on building of Type III construction shall be permitted to be of Type V construction
(combustible) and shall not be required to have a fire‐resistance rating where sprinkler
protection is extended to these areas per Section 1406.3 Exception #3.
All architectural trim on Buildings A and B is of noncombustible construction and all balconies are
protected with dry sidewall sprinklers as required per Section 1406.3 Exception #3. Therefore all
exterior wall construction and cladding requirements are met.
See discussion for Parking/Retail building in Section 3.2 on the next page.
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3.2

Parking / Retail Building

Building Type I A ‐ Noncombustible Construction Structure
Figure 8:

IBC Table 601

Building Elements ‐ based on the requirements from Table 601 above:
1.
2.
3.
4.

5.

Structural frame, including all load bearing walls, columns and arches provide a fire‐
barrier rating of at least 3‐hr.
Floor construction between upper and lower parking levels is constructed as fire
separation with a fire‐resistance ratings of 2‐hr.
Exterior bearing walls are all 3‐hr fire resistance rating protected from inside of the
building
Roof construction is indicated at 1½‐hr, however, for this project a 3‐hr horizontal
fire barrier is provided based on Section 508.2. Therefore all columns supporting
the 3‐hr horizontal fire barrier must have a 3‐hr fire resistance rating.
For exits fire separation requirements refer to the Exit Systems section in Part 4 of this
report.

Refer to Figure 9 below for Parking/Retail building fire separation requirements. Note that a red
dashed dot line represents a 2‐hr fire barrier and a purple dashed line with 3 dots represents a 3‐
hr fire barrier. Also see legend below the Figure 9.
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Figure 9:

Parking/Retail Fire Separations

Section 706.3.6 referring to separation of occupancies states that the fire barrier separating
mixed occupancies, or a single occupancy into different fire areas, shall have a fire‐resistance
rating of not less than indicated in Section 302.3.3 based on the occupancies being separated.
For Mixed Occupancies fire barriers are in accordance with Table 302.3.3 of the IBC 2000
•

Parking garage separation from the Assembly and from the Mercantile areas is separated
by a 2‐hr fire resistance rating.

Fire barriers for areas that are incidental to the main occupancy are determined based on Table
302.1.1 of the IBC 2000:
•
Garbage/Recycling room ‐ constructed to provide at least a 1‐h fire barrier
•
Storage areas are separated by 1‐h fire barriers
•
Electrical Vault/Room ‐ the vault is required to be separated from the remainder of the
building by a fire barrier of solid masonry or concrete construction having a fire‐
resistance rating not less than 2‐hr if the vault is protected by an automatic
extinguishing system.
•
Service rooms – Fuel fired appliances are required to be located in service rooms
separated from the remainder of the building by a fire barrier having a fire‐
resistance rating of not less than 1‐hr.
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Note: Fire barriers of at least 2‐hr fire resistance rating are shown on the code markup
drawings attached in Appendix B of this report between all commercial retail units
(CRUs). This is done to accommodate all future uses of the retail spaces. Kitchen
exhaust ducts for restaurants occupancies are rated for 2‐hr fire resistance rating and
extend all the way to the roof for exhaust.
Refer to Appendix B for code markup drawings. Tables 302.1.1 and 302.3.3 are in Appendix A.
3.3 Fire Protection of Penetrations and Closures
Penetrations ‐ Piping, ducts, wiring and similar penetrations through a required fire barriers
must be sealed at the penetration by listed firestopping materials, in accordance with Section
711.4.1.2. Through penetration are protected by an approved through‐penetration firestop
system installed and tested in accordance with ASTM E 814, with a minimum positive pressure
differential of 0.01 inch (2.49 Pa) of water. Firestopping is required to have an F rating in
accordance with 711.4.1.2, not less than the fire protection rating required for closures in the
fire separation. Where building services penetrate the horizontal fire barrier between the
Parking/Retail Building and the remainder of the project as required by 711.4.1.2, the
firestopping must have a 3‐hr FT rating.
Closures ‐ Closures in fire separations and fire firestopping material for service penetrations
from the parking garage and including those protecting the elevator hoistway must have a fire
protection rating in accordance with Table 714.2 of the IBC, reproduced below.
Table 3:

IBC Table 714.2
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3.4 Interior Material Finishes
The interior finish materials on the surface of floors, walls, ceilings and exits for this project
should conform to the maximum flame spread rating requirements of LSC Chapter 10 Table
A10.2.2. Portion of that table is reproduced below.
Table 4: NFPA 101 LSC Chapter 10 Table A10.2.2

As specified in the Table above, interior finish for new Apartment building should be as follows:
•
•
•

Exits
Exit Access Corridors
Other Spaces

=A
= A or B
= A, B or C

Class A = flame spread index, 0‐25 (no fire spread)
Class B = flame spread index, 26‐75 (slow fire spread)
Class C = flame spread index, 76‐200 (moderate fire spread)

Notes:
•
Combustible interior finish, including paint, wallpaper, and other interior finishes not more than 1
•

•

mm (0.04 in.) thick are permitted.
Combustible wall finishes other than foamed plastics are permitted provided they are not more than
25 mm (1 in.) thick and have a flame spread rating of not more than 150 on any exposed surface
that would be exposed by cutting through the material in any direction.
Combustible ceiling finishes other than foamed plastics are permitted provided they are not more
than 25 mm (1 in.) thick, except for exposed fire‐retardant treated wood battens, and have a flame‐
spread rating not more than 25 on any exposed surface that would be exposed by cutting through
the material in any direction, or are of fire‐ retardant treated wood, except that not more than 10%
of the ceiling area within each fire compartment is permitted to have a flame‐spread rating not
more than 150.
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3.5 Exposure Analysis (Building Separation Distance)
This section applies to exterior wall rating requirements in addition to what is required in
Tables 601 and 602 of IBC and for a number of unprotected openings (ie, windows) permitted
due to close proximity of buildings on the same property.
In accordance with Section 704.3, buildings on the same property and buildings containing
courts for the purposes of determining the required wall and opening protection and roof‐
covering requirements shall be assumed to have a property line between them. Building A and
B will face four public streets and each other across a property line.
The limiting distances on all four sides of this complex exceed 6 m (20 ft.) to all adjacent
properties. Refer to Appendix D for site plan. However, for Building A (east side) and Building B
(west side), where the two building face each other and where the total smallest distance
between the two buildings is only 5.5 m (18 ft) and the largest distance is 8.7 m (28.5 ft), the
property line will be considered to be the midpoint between the two buildings and will be
indicated as a limiting distance (LD).
For exposure analysis calculations each floor and each unit can be viewed as a compartment for
the application of this section. The compartment size and the openings permitted (window size
primarily) typically determine if exposure protection is required from adjoining buildings or
structures. For my calculations I assumed the entire wall of each building facing each other as a
single fire compartment and applied an average LD between the two buildings as per calculation
below.
Therefore the distance of 8.7 m (28.5 ft) ÷ 2 = LD 4.35 m (14.2 ft), and a distance of 5.5 m (18 ft)
÷ 2 = LD 2.7 m (9 ft). The average of two = LD 3.5 m (11.5 ft)
Wall Rating
1.

2.

Based on Section 704.5 the fire resistance rating of exterior walls with a fire separation
distance of greater than 1.5 m (5 ft) shall be rated for exposure to fire from the inside
and maintain the same rating as required by Tables 601/602, and
A fire separation distance of 1.5 m (5 ft) or less shall be rated for exposure to fire from
both sides.

Based on the limiting distance of LD = 3.5 m (11.5 ft) the exterior walls of both buildings facing
each other will be rated for 2 hr from inside only based on item #1 above.
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Allowable Area of Openings
Building A and B will face four public streets and each other (across a property line). Average
LD = 3.5 m (11.5 ft) will be used to determine the allowable area of unprotected openings
(windows) based on equation 7‐2 of IBC. See IBC equation below.

Based on Table 704.8 for fire separation distance of 10 to 15 ft, 15% of unprotected openings are
permitted for the exterior wall openings. However, for fully sprinklered buildings tabulated
limitation for protected openings can be used, therefore 45% of unprotected openings are
permitted. The remaining percentage of windows on the west and east side of these buildings
will require to be protected in accordance with Section 714.3.7 for exterior fire window
assemblies.
Figure 10:

IBC Table 704.8

Section 704.12 for opening protection specifies fire shutters, however, an exception states that
fire protection assemblies are not required where the buildings is protected by an automatic
sprinkler system and the exterior openings are protected by an approved water curtain using
automatic sprinklers approved for that use. The sprinklers and the water curtain shall be
installed in accordance with NFPA 13.
No water curtains or fire shutters were provided for this project. Since elevations drawings were
not available to determine the areas of existing openings, this item will be addressed in Part 9 of
this report for further review and recommendations.
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PART 4: EXIT SYSTEMS
Section 4.1 – Building A and B
Section 4.2 – Parking / Retail Building
Section 4.3 – General Information
Section 4.4 – Pathfinder Egress Model
4.1 Building A and B
Residential Building A ‐ The residential suites are served by public corridors having an exit at
each end of the corridor. In accordance with Table A7.6 of the LSC, the maximum permitted
travel distance of 99 m (325 ft.) to an exit is not exceeded. Exits consist of vertical stairs
separated from the remainder of the floor area. Dead‐end limit permitted is 15 m (50 ft) and
Common Path limit permitted is also 15 m (50 ft), these are not exceeded.
Residential Building B ‐ The residential suites in Building A are served by public corridors
having an exit at each end of the corridor. Occupants of Building B has an access to two main
stairwells discharging Levels 3‐5, Level 2 has 4 exit doors because of the sloping site, north
portion of Building B in on the ground level.
Fire Resistance Rating of Corridors ‐ In accordance with LSC Ref. 7.1.3.1 corridors for the
Residential (Group R) occupancies that are fully protected by an automatic sprinkler
system should have a 1 hour fire‐resistance rating. This requirement is met.
Fire Resistance Rating of Suite Doors ‐ In accordance with LSC Exhibit 7.4 doors between
residential suites and a public corridor should provide a fire protection rating of at least 20
min. This requirement is met.
Fire Resistance Rating of Exits ‐ Exits are required to be separated from the remainder of the
floor area by a fire separation which provides the same fire‐resistance rating as the floor rating
in accordance with LSC Chapter 7, Exhibit 7.90. As such exit stairs on the residential levels (Level
2‐5) fire barrier providing a 1 h fire‐resistance rating is provided.
Occupant Load and Exit Capacity ‐ The occupant load of floor areas conforms to the minimum
design requirements of Table 7.3.1.2 of the LSC. The capacity of exits based on the occupant
load of floor areas and suites exceeds the minimum requirements.
A summary of exit capacities is included in Tables 5 and 6 below:
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Table 5 ‐ Residential Building A
LSC Table 7.3.3.1 Capacity Factors
Floor
Area

Exit Capacity
(metric)

Area
(sq. m)

Occupant
Load
Factor
(sq.m/per)

Capacity
(persons)

Level 2

2310
(21 units)

18.6

125

365 persons
(2 x 914 mm door @ 5 mm/person)

Level 3

2310
(23 units)

18.6

125

289 persons
(2 x 1,100 mm stairs @ 7.6 mm/ person)

Level 4

2310
(23 units)

18.6

125

289 persons
(2 x 1,100 mm stairs @ 7.6 mm/ person)

Level 5

2310
(23 units)

18.6

125

289 persons
(2 x 1,100 mm stairs @ 7.6 mm/ person)

Total

500

Table 6 ‐ Residential Building B
LSC Table 7.3.3.1 Capacity Factors
Floor
Area

Area
(sq. m)

Occupant
Load
Factor
(sq.m/per)

Capacity
(persons)

Level 2

1895
(19 units)

18.6

102

731 persons
(4 x 914 mm door @ 5 mm/person)

Level 3

2297
(27 units)

18.6

124

289 persons
(2 x 1,100 mm stairs @ 7.6 mm/ person)

Level 4

2297
(27 units)

18.6

124

289 persons
(2 x 1,100 mm stairs @ 7.6 mm/ person)

Level 5

2297
(27 units)

18.6

124

289 persons
(2 x 1,100 mm stairs @ 7.6 mm/ person)

Total

Exit Capacity
(metric)

474
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4.2 Parking / Retail Building
Parkade ‐ The parkade is served by three exits on Level P0 which discharge directly to the
exterior. Exits are located such that the maximum permitted travel distance of 60 m (200 ft.) to
an exit is not exceeded anywhere in the parking garage. There are two exits on Level P1 that
also discharge to the exterior. Travel distances are met on both levels. See attached marked up
drawings in Appendix A of this report.
Retail Units (CRUs) ‐ Each retail unit has two egress doors. One of the doors leads directly to the
exterior of the building and second egress door leads toward the parking garage.
Fire Resistance Rating of Exits ‐ Exits are required to be separated from the remainder of the
floor area by a fire separation which provides the same fire‐resistance rating as the floor rating
in accordance with LSC Chapter 7, Exhibit 7.90. As such exit stairs on the parkade levels are
separated from the remainder of the building by fire separations providing at least a 2 h fire‐
resistance rating.
Occupant Load and Exit Capacity ‐ The occupant load of floor areas conforms to the minimum
design requirements of Table 7.3.1.2 of the LSC. The capacity of exits based on the occupant
load of floor areas and suites exceeds the minimum requirements. A summary of exit capacities
is included in Table 7 below.
Table 7 – Parking/Retail Building (LSC Table 7.3.3.1 Capacity Factors)
Floor
Area

Area
(sq. m)

Occupant
Load Factor

Capacity
(persons)

Perking P0

6130

18.6 gross

330

434 persons
(3 x 1,100 mm stairs @ 7.6 mm/ person)

Parking P1

3677

18.6 gross

198

365 persons
(2 x 914 mm door @ 5 mm/person)

Amenity
Area

355

1.4 net

253

548 persons
(3 x 914 mm door @ 5 mm/person)

125
178
212
180
150
214

2.8
‐‐
‐‐
‐‐
‐‐
‐‐

45
64
76
65
54
78

Retail
‐ CRU1
‐ CRU2
‐ CRU3
‐ CRU4
‐ CRU5
‐ CRU6

Exit Capacity ‐ persons
(metric)

365 persons per each CRU (TYP)
(2 x 914 mm/door @ 5 mm/person)
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4.3 General Information
Separation Distance Between Exits ‐ This project is protected by an automatic sprinkler system,
the minimum separation distance between two exits or exit access doors is not less than one‐
third the length of the maximum overall diagonal dimension of the building area in accordance
with LSC Ref. 7.5.1.3.3. This requirement is met.
Exit Signs ‐ In accordance with LSC Ref. 7.10.1.2 Exits, other than main exterior exit doors that
obviously and clearly are identifiable as exits, shall be marked by an approved sign that is readily
visible from any direction of exit access. Refer to Appendix A for markup of exit sign locations.
Phased Evacuation Concept ‐ Simultaneous evacuation of both Buildings A and B, which are
physically separated above grade, and Parking/Retail Building could cause confusion and
hamper firefighting efforts without increasing occupant safety. Therefore phased evacuation is
provided. Building A and Parkade/Retail will be considered as a single zone for fire alarm
audibility and for occupant evacuation. Building B will be on a separate fire alarm zone and
therefore will be evacuated separately. Refer to Fire Alarm and Detection Section on phased
evacuation concept for further discussion.
4.4 Pathfinder Egress Model
The Pathfinder is an agent‐based egress and human movement simulator that was developed by
Thunderhead Engineering. It provides a graphical user interface for simulation design and
execution as well as 2D and 3D visualization tools for results analysis.
The movement time is the time required for occupants to reach a protected exit enclosure or the
exterior of the building. The movement time is calculated either by applying empirical relations
for walking speed and occupant flow rates through egress elements such as doors, stairs, and
corridors, or by applying evacuation modeling such as Pathfinder.
According to Pathfinder Technical Reference Guide, Pathfinder model uses two primary options
for occupant motion:
1.
2.

SFPE Mode and
Steering Mode

SFPE Mode – this motion option implements the flow‐based egress modeling techniques
presented in the SFPE Handbook of Fire Protection Engineering (Nelson and Mowrer, 2002) and
the SFPE Engineering Guide: Human Behavior in Fire (SFPE 2003). The SFPE mode calculation, as
described in the handbook.
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SFPE Mode Description:





SFPE calculation is a flow model, where walking speeds and set flow rates through doors
and corridors are defined
Doors impose a strict flow rate limit of 1.32 pers/s‐m of effective width.
Model also simulates condition that as room density increases, occupant velocity
decreases.
Actual congestion of the space effects the occupant approach velocity to the queue, but
once in the queue, occupants flow through the door at a fixed rate.

Steering Mode ‐ As presented in the Pathfinder Technical Reference guide, Steering Mode is
based on the idea of inverse steering behaviors. Steering behaviors were first presented in Craig
Raynolds’ paper “Steering Behaviors for Autonomous Characters”1 and later refined into inverse
steering behaviors in a paper by Heni Ben Amor2. Pathfinder’s steering mode allows more
complex behavior to naturally emerge as a byproduct of the movement algorithms, eliminating
the need for explicit door queues and density calculations which is a significant issue for
assembly occupancies.
The steering mode was found through experimentation to more accurately represent realistic
conditions, yet is still conservative for passage through doorways relative to experimental data.
The information in Appendix F is an excerpt from the “Verification and Validation” report which
examined this issue. This report was prepared by Rolf Jensen & Associates Inc. in conjunction
with Thunderhead Engineering. On this basis, the behaviour mode selection of “Steering” is
utilized in this report. Refer to Appendix F for verification/validation report.
Total Building Evacuation ‐ Pathfinder model for Buildings A and B is based on a total number of
1,241 persons evacuating both residential buildings A and B at the same time. The total
occupant load for residential portion is larger than was previously calculated to account for
visitors or relates. Residential Building A has two exits on the lower level and Building B has a
total of 4 exits on level 2 only. All exit doors are estimated to be 914 mm (36 in) and all stairs are
1100 mm (44 in) wide. Simulated results are based on an average walking speed of 1.19 m/s for
all occupants. The occupants for this residential complex are considered to be all adults with no
elderly or handicapped persons.
For modeling purposes Buildings A and B will evacuate at the same time and Parkade/Retail
buildings will be calculated separately. Such separation during modeling will not interfere with
the results due to queuing because separate exiting is provided for all buildings.
1

Steering Behaviors For Autonomous Characters by Graig W. Reynolds. Link:
http://www.red3d.com/cwr/papers/1999/gdc99steer.pdf
2
Fast, Neat and Under Control: Inverse Steering Behaviors for Physical Autonomous Agents by Heni Ben Amor, Jan
Murray, and Oliver Obst. Link: http://www.uni-koblenz
landau.de/koblenz/fb4/institute/IFI/AGKI/Publications/2006/shortsteering.pdf
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Pathfinder model has two modes for evacuation:
1.
Steering Mode
2.
SFPE Mode
STEERING MODE
Building A = 233 seconds (3.9 min)
Building B = 195 seconds (3.25 min)

SFPE MODE
Building A = 474 seconds (7.9 min)
Building B = 425 seconds (7.1 min)

Parking/Retail structure is considered as a separate building therefore evacuation is calculated
separately from the residential building evacuation. Total evacuation times for Steering and SFPE
mode are presented below.
STEERING MODE
167.0 seconds (2.8 min)

SFPE MODE
316.0 seconds (5.3 min)

The difference in egress times between the two modes of evacuation used by Pathfinder are
almost doubled in case of the SFPE vs Steering mode.
As discussed earlier, Steering mode is more representative of the realistic motion. It is important
to note that the movement times presented in two tables above do not include any pre‐
movement activity; it is only estimation of the movement time only.
Figure 11:

Pathfinder Screenshot of the Buildings A and B
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PART 5: FIRE PROTECTION SYSTEMS
Article 5.1 – Automatic Sprinkler System
Section 5.1.1 – General
Section 5.1.2 – Hydraulic Calculations
Section 5.1.3 – Manual vs Computer‐Based Hydraulic Calculations
Section 5.1.4 – Fire Sprinkler System Design
Section 5.1.5 – Inspection, Testing and Maintenance
Article 5.2 – Standpipe System
Article 5.3 – Fire Alarm and Detection System
Section 5.3.1 – General
Section 5.3.2 – Initiation Devices
Section 5.3.3 – Notification Devices
Section 5.3.4 – Fire Alarm System Wiring
Section 5.3.5 – Power Requirements
Section 5.3.6 – DETACT vs FDS Smoke Detector Comparison
Section 5.3.7 – Phased Occupant Evacuation
Section 5.3.8 – Inspection, Testing and Maintenance (ITM)
5.1 AUTOMATIC SPRINKLER SYSTEM
An automatic sprinkler system is provided throughout all buildings with a Group R2 fire area
where more than two storeys in height, including basement, or where having more than 16
dwelling units in accordance with Section 903.2.8. NFPA 13 system is provided in accordance
with Chapter 5 Section 502 for building height of 5 storeys measured from the grade level to the
top of the upper most floor. See Appendix B for partial fire sprinkler system drawings.
5.1.1 General
Sprinkler System Design and Installation Standards ‐ Sprinklers installed in the Parkade/Retail
and in residential Buildings A and B are required by Section 903.3.1.1 to be in accordance with
NFPA 13 “Installation of Sprinkler Systems”.
A dry pipe sprinkler system is provided within the parking garage and the attics of
both buildings A and B.
Fast Response Sprinklers ‐ Fast response sprinklers are used in the residential suites
in accordance with Section 903.3.2
Electrical Supervision/Signals to Fire Department ‐ The sprinkler system is electrically
supervised in accordance with Section 903.4.1 and the signals are transmitted to the
Fire Department.
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Sprinkler System Zoning ‐ Refer to the Fire Alarm & Detection section of this report.
Fire Department Connections – Three separate Fire Department connections (FDC) for the
sprinkler system and the standpipe system are provided near the primary entry to Building B as
shown in the Fire Apparatus Access Site Plan in Appendix B. In order to facilitate Fire
Department firefighting operations, individual FDC connections are provided for Building A,
Building B and Parkade/Retail Builidng. FDCs are not interconnected.
5.1.2 Hydraulic Calculations
Hydraulic calculations for this report were completed using AutoSprink VR7 program.
Water Supply Availability (provided by the City)
Static pressure
Residual pressure
Flow

=
=
=

85 psi
20 psi
5000 gpm

Summary of Occupancy Classifications:
1. Parking/Retail Building
•
Storage = Ordinary Hazard Group II (0.20 gpm/1950 sq.ft) with 30% remote
area increase for dry system
•
Parking = Ordinary Hazard Group I (0.15 gpm/1950 sq.ft) with 30% remote area
increase for dry system
•
Mercantile = Ordinary Hazard Group II (0.20 gpm/1500 sq.ft) wet system without
area modification.
2. Buildings A and B
•
Residential = 4 sprinklers calculated at 0.10 density on Level 5 (mezzanine)
•
Attic Sprinkler System = 7 sprinkler calculation per Manufacturer specification
Summary of all hydraulic calculations are on Page 26 below.
Storage – Detailed discussion of storage hydraulic calculation is presented for this system.
Miscellaneous storage areas within the parkade are designed for Ordinary Hazard Group II with
a required density of 0.20 gpm over 1950 sq.ft for the hydraulically most remote area. Area of
operation was increased by 30 % for dry system without revising the density in accordance with
Reference 11.2.3.2.5.
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Reliable F1FR Upright sprinkler are installed in all storage rooms at maximum coverage of 120
sq.ft per sprinkler. Dynaflow pipe was used for mains and dyna‐thread pipe was used for
branchlines.
The hydraulically most remote 16 sprinklers total were calculated in the remote area of 1950
sq.ft. AutoSPRINK hydraulic calculation is presented below in Figure 12.
Figure 12:

AutoSprink Hydraulic Analysis

Note, outside hose allowance of extra 250 gallons per minute (gpm) was added at the street
level, for firefighting operation as per Table 11.2.3.1.2. Therefore the total demand is a
combination of 660 gpm for the system flow demand, plus additional 250 gpm for hose
allowance for a total demand of 910 gpm.
Hydraulic calculation and safety factor for storage is summarized below:


Remote area #1:

660 gpm at 48.2 psi (33.9 psi or 41% safety factor)
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The water demand graph versus water supply is presented in Figure 13 below. The available
static pressure is 85 psi and the available flow is 5000 gpm at 20 psi residual pressure. This
represents a very good water supply.
The graph indicates that the required water demand and pressure is significantly lower than
the available flow and pressure. Therefore the designed system meets the requirement.
Figure 13:

Water Demand/Supply Graph

A hydraulic flow diagram in Figure 13 on the next page represents a storage room piping
arrangement where hydraulic calculation was performed. Area covered by the design is 1950
sq. ft.
Walls and partitions are not shown on the diagram for simplification. Arrows on top of pipes
represent direction of water flow. See figure 14 below.
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Figure 14:

Hydraulic Flow Diagram (Storage)

Storage area hydraulic calculation presents the most demanding hydraulic condition, therefore
it was presented here in detail.
The following discussion of other hydraulic calculations will be in lesser detail and will cover
the following areas:





Parking
Retail
Residential, and
Attic
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Parking Garage (Level P0 and P1) ‐ The sprinkler system for the parking garage is designed for
Ordinary Hazard Group I with required density of 0.15 gpm over 1950 sq.ft for the hydraulically
most remote area. Area of operation was increased by 30% for dry system without revising the
density in accordance with NFPA 13 (2007) Reference 11.2.3.2.5.
There are a total of four hydraulically most remote area calculations were completed for the
parking garage. Two most remote areas are on the lower parking level and two on the upper
level. Hydraulic calculations and safety factors are summarized as follows:





Remote area # 1:
Remote area # 2:
Remote area # 3:
Remote area # 4:

451 gpm at 73.6 psi (9.6 psi or 11.6% safety factor) on P0
535 gpm at 62.2 psi (20.7 psi or 25% safety factor) on P0
477 gpm at 63.3 psi (19.8 psi or 24% safety factor) on P1
516 gpm at 68.1 psi (14.9 psi or 18% safety factor) on P1

Note, outside hose allowance of extra 250 gallons per minute was calculated at the street for
firefighting operation. System demand + hose allowance make up a total flow requirement.
Viking Model M ECOH ELO Upright extended coverage sprinkler are installed on both levels of
the parking garage at maximum coverage of 256 sq.ft per sprinkler. Dynaflow pipe was used for
mains and dyna‐thread pipe was used for branchlines.
Retail Space (CRUs 1 ‐ 6) ‐ Individual commercial areas within the retail spaces are not known
and therefore will be identified as mercantile occupancy in accordance with Ref. A.5.3.2. Fire
sprinkler design requirement is for Ordinary Hazard Group II with 0.20 gpm over 1500 sq.ft
remote area. Wet sprinkler system is installed and area modification factor is not applied to
provide a more conservative design.
Hydraulic calculation and safety factor for retail space is summarized below:


Remote area #1:

366 gpm at 67.9 psi (15.8 psi or 19% safety factor)

Note, outside hose allowance of extra 250 gpm was calculated at the street for firefighting
operation (Table 11.2.3.1.2).
Reliable F1FR Upright sprinkler are installed throughout the retail space at maximum coverage
of 120 sq.ft per sprinkler. Sprinkler coverage of 120 sq.ft was designed to allow for easier
tenant improvement work by spacing sprinklers closer to each other. Dynaflow pipe was used
for mains and dyna‐thread pipe was used for branchlines.
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Residential Suits ‐ Residential sprinklers are installed throughout the residential suits. System is
designed for Light Hazard occupancy with 0.10 gpm over the most remote four residential
sprinklers in accordance with NFPA 13 (2007) Ref. 11.3.1.1.
Hydraulic calculation and safety factor for residential portion is summarized below:


Remote area #1:

70 gpm at 71.7 psi (12.9 psi or 15.2% safety factor)

Note, outside hose allowance of extra 100 gpm is required for the hose allowance at the street
for firefighting operation, however, 250 gpm was added for extra safety factor (Table 11.2.3.1.2)
Reliable Model F1Res 58 sprinkler are installed throughout residential premises, including
corridors at a maximum coverage of 144 sq.ft per sprinkler. CPVC pipe are used for residential
sprinkler system.
Corridor Sprinklers ‐ Installation of commercial sprinklers in the corridors adjacent to the
residential suits requires calculation of no less than five sprinklers in a single row in accordance
with NFPA 13 (2207) Ref. 11.2.3.3.7. Design requirement is for a Light Hazard 0.10 gpm over the
most remote five sprinklers.
Note: Residential sprinklers were installed in the corridors on all the residential floors.
Therefore hydraulic calculation was not required for corridor sprinklers. See hydraulic
calculation for Residential Sprinklers above.
Attic Protection ‐ Attic is protected by a dry sprinkler system designed for Light Hazard with
density of 0.10 gpm over the most remote seven sprinklers. Manufacturer’s data sheet was
used for hydraulic demand as specified in the Tyco Attic specification for this application.
Attic hydraulic calculation and safety factors for Buildings A and B are summarized below:



Building A:
Building B:

280 gpm at 75 psi (9.0 psi or 10.8% safety factor)
283 gpm at 73.5 psi (10.5 psi or 12.5% safety factor)

Note, outside hose allowance of extra 100 gpm is required for the hose allowance at the street
for firefighting operation for Light Hazard occupancies, however, 250 gpm was added for extra
safety factor (Table 11.2.3.1.2)
Special Tyco attic sprinklers are installed throughout both attics in Buildings A and B with a
maximum coverage of 102 sq.ft per sprinkler. Attic sprinklers are dual directional specialty
sprinklers that throw a narrow, but long pattern in two directions. This is considered to be
a very efficient attic design versus a standard area/density method. Refer to Section 5.1.3
for Sprinkler System Design for details on this coverage method. Dynaflow pipe was used
for mains and dyna‐thread pipe was used for branchline.
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Table 8 presents a summary of all hydraulic calculations completed for this complex. The GPM
value highlighted in blue represents the most demanding hydraulic flow requirement at the
storage area located in the parking garage. The PSI value highlighted in red represents the most
demanding pressure requirement for one of the attic systems.
Table 8:
Summary of Hydraulic Calculations
LOCATION
DENSITY
REMOTE
GPM
(gpm/sq.ft)
AREA
(sq.ft or Sprk)
Parking P0
451
Parking P0
0.15
1950
535
Parking P1
477
Parking P1
516
Storage
0.20
1950
660
Retail
0.20
1500
366
Residential
‐ Bldg A
0.10
4 Sprk.
70
‐ Bldg B
0.10
4 Sprk.
Attic
‐ Bldg A
0.10
7 Sprk.
280
‐ Bldg B
0.10
7 Sprk.
283
*250 gpm was added at the street for extra safety factor

PSI
(required)
At riser
73.6
62.2
63.3
68.1
48.2
67.9

HOSE
(gpm)
At street

250
250

11.6
25.0
24.0
18.0
41.0
19.0

71.7

100*

15.2

75.0
73.5

100*
100*

10.8
12.5

250

SAFETY
(%)

Refer to Appendix B for Sprinkler System Layouts
5.1.3. Manual vs. Computer‐Based Hydraulic Calculations
For academic purposes only manual hydraulic calculations were completed for one of the dry
parkade systems installed on the upper level parking of this project. This was done in order to
compare manual calculations with the computer‐based calculation program (AutoSprink VR7)
used for this project. Refer to Appendix B for worksheet showing manual calculations
completed for this project.
Remote area was determined to be 1950 sq.ft with 8 sprinkler operating. The area of coverage
per sprinkler is 256 sq.ft or 16'‐0" x 16'‐0" coverage. All sprinklers are Viking with K‐factors of
11.2. All branchlines are Schedule 40 (thick wall) 1½” diameter and all mains are
Schedule 10 (thin wall) 4" diameter, underground is a 6" ductile iron pipe.
Pressure required at the base of the riser was determined based on number 1 sprinkler, as
being the most demanding sprinkler in the remote area.
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The water demand at the base of the riser, based on manual calculations is 329.9 gpm at
51.4 psi for system demand only. Additional 250 gpm are required for the hose allowance.
Manual vs Computer‐based Calculations Comparison
Manual (Excel)
=
329.9 gpm @ 51.4 psi
Computer‐based
=
357.4 gpm @ 55.9 psi
Results are comparable which supports the accuracy of computer‐based hydraulic calculations.
5.1.4 Fire Sprinkler System Design
Riser and Header Assembly – This is a main controlling component for the sprinkler system. The
existing riser is located in the Parking Level P1 in the specially designated room. The room is
required to be heated to at least 4° C to prevent freezing of the sprinkler system components.

Legend
1. 6” underground water supply
2. Fire department connection for Parking/Retail Building
3. Backflow preventer
4. Alarm check valve/Feed main for Building B
5. Alarm check valve/Feed main for Building A
6. Pipe stand (support)
7. Four dry pipe valves for Parking P0 and P1 (2 per floor)
8. Fire department connection for Parking/Retail Building
9. Air compressor for dry parking garage sprinkler systems
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Note:

Dry pipe valves for dry attic systems for Buildings A and B are located on the top
floor (Level 5) of the each building. Special storage rooms are allocated for that
purpose.

Sizing of Air Compressor – This discussion refers to Item 9 in the legend above. The air
compressor size for the dry system is based on the air volume of one of the largest dry systems.
Dry system volume should not exceed 750 gallons with a quick opening device per NFPA 13 Ref.
7.2.3.4. These air volumes are allowed to be exceeded as long as the most hydraulically remote
sprinkler receives water within 60 seconds of operation. This is normally tested with an end of
line inspector’s test connection. Typically air compressor is sized for 750 gallons. Rating on the
compressor indicates its capacity.
Post‐Tensioned (PT) Slab – Parking/Retail building in this complex was constructed using the post
tensioned cable inside the concrete slab. This method allows for thinner slab with longer spans
between supports (columns).
This is important to remember when choosing the type of hangers for the sprinkler system
connection. The stressed PT cable, inside the slab, typically droops down to approximately 1 inch
above the bottom of the slab at low point. Hilti Kwik bolt II hangers are normally pre‐drilled to
more than 1 inch into the slab. Pre‐drilling for Kwik bolt inserts could hit the PT cable and
damage the slab. This could lead to a serious structural damage to the building.
Some contractors mark the location of PT cable on the ceiling to identify their location, others do
not. Hilti Kwik bolts can be cast in place before concreted is poured; these inserts are typically
used for seismic restraints (sway bracing) and larger diameter pipes (mains). For smaller,
branchlines, Hilti 3/8” HDI‐P inserts can be used as they penetrate the slab to a maximum of ¾”
inches, which is safe for slab. See Figure 15 below.
Figure 15:

PT Cable inside the Slab
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Details of two types of hangers discussed earlier are in Figure 16 below. Note the penetrating
slab depth for each type of insert.
Figure 16:

Hilti Kwik Bolt II and Hilti 3/8” HDI‐P

Attic System Design – The attic sprinkler system for Buildings A and B was designed using the
Tyco special attic sprinklers. These sprinklers discharge a narrow but long patter in two
directions. Therefore a single row of sprinklers at the top of the peak as shown in Figure 17 can
provide sufficient coverage for the entire attic space. This method of design is very labor efficient
and therefore provides substantial savings over a standard area/density method.
Tyco attic sprinklers are spaced at a maximum of 6 ft apart and a minimum of 4 ft.
Figure 17:

Tyco Attic Sprinkler Positioning
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5.1.5 Inspection, Testing and Maintenance
Inspection procedures may be affected by their frequency as well as seasonal changes. This is
specifically important for satisfactory system operation installed in harsh climates.
Spring Inspection
When the danger of freezing temperatures (32 Deg. F or 0 Deg. C) has passed, spring
inspections may be performed.
Pertinent operations are as follows:
1.
2.
3.
4.

Open cold weather valves
Inspect, test, and reset dry‐pipe valves
Test water activated alarms
Conduct water flow tests.

Fall Inspection
At the approach of the freezing weather, the system’s inspector must perform the following
functions:
1.
2.
3.

4.

Close cold‐weather valves and drain pipes exposed to freezing temperatures.
Check dry pipe valves to make sure that the systems are holding air properly
and that the pressure switches and water alarms are in order.
Check drains (drum drips) at the low points of the dry piping to ensure that they
are properly clear of water, and check the heating provisions for the dry pipe
valve enclosure.
Carefully inspect buildings to make sure that cold air will not enter or unduly
expose sprinkler piping to freezing.

Note: water can accumulate in the dry sprinklers system pipes due operation of the air
compressor and not necessarily from the system activation.
Riser
Detailed schematic of all drum drip locations for all dry systems shall be provided in the riser
room for Inspection, Testing and Maintenance procedures.
Refer to Appendix E for the complete list of sprinkler system components installed in this
project and their inspection, testing and maintenance requirements.
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5.2 STANDPIPE SYSTEM
Standpipe Design and Installation Standard ‐ The standpipe system is designed and installed in
accordance with NFPA 14 “Installation of Standpipe and Hose Systems” as required by Section
905.1
Dry standpipes are installed throughout the parking garage and wet standpipes are provided on
all residential floors in the exit enclosures. Figure 18 shows a typical detail for a combination
standpipe that provides a floor system control valve and a 2 ½” fire hose connection.
Figure 18:

Combination Standpipe in the Exit Enclosure

Additional hose stations were provided throughout all corridors on all residential levels. This
was required by the Fire Department as an extra mitigating feature not required by NFPA 14.
Three 2 ½” hose stations inside fire rated cabinets were provided on every floor level not more
than 150 ft from each other.
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Standpipe design criteria
Size:
Class I standpipes in this complex are all 4 in. in size per NFPA 14, Ref. 7.6.1.
Flow:
For Class I the minimum flow rate for the hydraulically most remote standpipe
shall be 500 gpm (NFPA 14 Ref. 7.10.1.1.1)
Calculation:

Pipe sizing shall provide 250 gpm at the two hydraulically most remote hose
connections on the standpipe and at the topmost outlet of each of the other
standpipes at the minimum residual pressure of 100 psi as required by Section
7.8 (NFPA 14 Ref. 7.10.1.2.1)

A standpipe system consisting of 64 mm (2½ in.) diameter hose connections is installed in all
exit enclosures throughout the buildings in accordance with NFPA 14 Ref. 7.3.2 for Class I
Systems.
Fire Department Connections ‐ for description of FDC connections refer to Fire Sprinkler System
section (Section 5.1.1 General) above.
5.3 FIRE ALARM & DETECTION SYSTEM
Section 5.3.1 – General
Section 5.3.2 – Initiation Devices
Section 5.3.3 – Notification Devices
Section 5.3.4 – Fire Alarm System Wiring
Section 5.3.5 – Power Requirements
Section 5.3.6 – DETACT vs FDS Smoke Detector Comparison
Section 5.3.7 – Phased Occupant Evacuation
Section 5.3.8 – Inspection, Testing and Maintenance (ITM)
The project is considered as a single building with respect to the fire alarm and detection system
requirements. A fire alarm and detection system is required throughout Residential Buildings A
and B in accordance with Section 907.2.9 for Group R‐2 because these buildings contain more
than 16 dwelling units. Because all building on the project are interconnected by a common
parking garage, a single fire alarm and detection system will serve the entire project including the
Retail spaces, Amenity room and the Parking garage. See Appendix E for fire alarm drawings.
5.3.1 General
The fire alarm system is installed and verified in conformance with NFPA 72, “Standard for the
Installation of Fire Alarm Systems” in accordance with Section 907.2.
Annunciator – Two separate fire alarm annunciator panels are provided in Building A and Building
B lobbies.
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Zone Indication ‐ The fire alarm annunciators have separate zone indication for each building
for the actuation of sprinklers, smoke detectors and pull stations in accordance with NFPA 72
Ref. 10.18.5.1. Additional zone indicators are provided for:
•
•

Each elevator hoistway, and
Each stair shaft

Electrical Supervision ‐ The fire alarm system is electrically supervised in accordance with
NFPA 72 Ref. 10.8.2.2. In addition, the following is electrically supervised:
The sprinkler system is electrically supervised in accordance with NFPA 72 Ref. 23.3.3.1 to
indicate a supervisory trouble signal on the fire alarm system for:
•
•
•
•
•

Movement of a valve handle that controls the supply of water to sprinklers,
Loss of excess water pressure required to prevent false alarms in a wet
pipe system,
Loss of air pressure in a dry pipe system,
A temperature approaching freezing point in any dry pipe valve enclosure, and
Movement of a valve handle that controls the supply of water to the
standpipe system.

Signals to the Fire Department ‐ The fire alarm system is designed to notify the Fire
Department via an independent central station (ULC, listed central station), in accordance
Section 907.15. The two coordinated response points for Building A and Building B will be
separately addressed and monitored such that response to the appropriate entrance is
coordinated.
Fire Alarm Zoning – The fire alarm system is zoned per floor per each building individually.
5.3.2 Initiation Devices
Manual Fire Alarm Boxes ‐ Manual pull stations are installed on every floor near every exit and
near the principal entrances to the building in accordance with Section 907.3. Additional
manual pull stations are generally located so that travel distance to the nearest box does not
exceed 60m (200 feet).
Smoke Detectors – Spot‐type photoelectric smoke detectors are provided in all dwelling
units, in accordance with Section 907.2.10.1.2. as listed here:
•
On the ceiling or wall outside of each separate sleeping area in the
immediate vicinity of bedrooms.
•
In each room used for sleeping purposes
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•

In each story within a dwelling unit, including basement and cellars but not
including crawl spaces and uninhabitable attics. In dwellings or dwelling units
with split levels and without an intervening door between the adjacent levels, a
smoke alarm installed on the upper level shall suffice for the adjacent lower
level provided that the lower level is less than one full story below the upper
level.

Spot‐Type
Photoelectric smoke detector ‐

Figure 19:

is a light scattering smoke detector (NFPA 72 Ref.
3.3.181.4). The principle of using a light source and a
photosensitive sensor arranged so that the rays from the
light source do not normally fall onto the photosensitive
sensor. When smoke particles enter the light path, some
of the light is scattered by reflection from smoke and
directed toward a sensor. The light signal is process and
alarm is activated.

Operation Principle of a Photoelectric Smoke Detector

Smoke detectors are also installed in Smoke Protected elevator lobbies as discussed in Phased
Evacuation section of this report.
A duct type smoke detector is installed in all air handling systems serving more than one
storey or more than one suite in a storey for compliance with Section 907.11. An air handling
system which serves more than one storey or more than one suite in a storey, is designed to
prevent the circulation of smoke upon a signal from a duct type smoke detector.
Smoke detector is required in vertical shafts, such as stairwells, a detector should be mounted at
the top of the shaft and within 1.5 m (5 ft) at each level. See Figure 20 below for detail.
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Figure 20:

Smoke Detector Placement (Stair shaft)

Smoke Detector Layout ‐ Typical smoke detectors are spaced 5.0 meters (15 feet) from any walls
or obstructions and a maximum of 10 m (30 ft) between smoke detectors. To the corner of the
room a general requirement of 10m x 0.7 = 7m (7.5 m used) or in empirical units 30 ft x 0.7 = 21
feet rule applies.

For corridors less than 2m (6’6”) wide, only the centre line need be considered, therefore it is not
necessary to reduce detector spacing in order to provide complete coverage. Therefore for
smoke detector spacing becomes 7.5 m from a wall and 15 m between detectors.
Heat detector spacing is typically more conservative with only 3.5 m (11’‐6”) of the wall and 7
meters (23 feet) between heat detectors. Heat detectors generally follow the same guidelines as
the fire sprinklers for installation and spacing requirements.
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5.3.3 Notification Devices
Visible Notification Appliances ‐ In Group R‐2 occupancies required by Section 907 to have a
fire alarm system, all dwelling units are provided with the visible alarm notification appliances in
accordance with Section 907.9.1.3.
Strobe lights are also provided in all residential corridors, commercial retail units and the
amenity space.
Audibility of Alarm System ‐ In accordance with Section 907.9.2, audible fire alarm devices are
provided throughout the project, including residential units, so that the alarm signal is clearly
audible throughout the floor area. In accordance with Section 907.9.2, audible devices within
dwelling units are capable of providing a sound pressure level of 15 decibels (dBa) above the
average ambient sound level or 5 dBA above the maximum sound level having duration of at
least 60 seconds, whichever is greater, in every occupied space in the both residential buildings.
The maximum sound pressure level should be 70 dBA (IBC 2000) for Group R occupancies.

In addition, an audible signal device must be connected to the fire alarm system in a manner
that, a single open circuit or short circuit at one device will not impair the operation of other
audible signal devices on that same circuit that serve the other dwelling units or suites of
residential occupancy, or on separate signal circuits that are not connected to the devices in any
other dwelling unit, public corridor or suite of residential occupancy.
5.3.4 Fire Alarm System Wiring
Initiating device circuits, notification appliance circuits, and signaling line circuits (SLC) are
permitted to be designed as either Class A or Class B (NFPA 72 2007 Ref. 6.4.2.1.)
Class A – Initiation device circuits and SLC that transmit an alarm or supervisory signal, or
notification appliance circuits that allow all connected devices to operate during a single open or
a non‐simultaneous single ground fault on any circuit conductor should be designed using Class
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A circuit. See Figure 21 below.
Figure 21:

Class A Circuit (1)

Class B – Initiation device circuits and SLC that do not transmit an alarm or supervisory signal, or
notification appliance circuit that do not allow all connected devices to operate beyond the
location of a single open (short) on any circuit conductor can use Class B circuit. See figure 22
below. Note the end of line resistor (EOLR) that provides some system supervision.
Figure 22:

Class B Circuit
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Discussion – Class A circuit is a preferred method for wiring of most modern fire alarm systems.
Note that end of line supervision resistors are not necessary as the loop returns to the panel and
is driven from both ends.
Figure 23:

Class A Circuit (2)

One‐Line Diagram – Figure 24 on page 44 represents a fire alarm one‐line diagram schematic
showing wiring for initiation and notification devices. This is a partial diagram for Level 1/P1,
which is a main wiring distribution floor and residential Level 2. All residential levels are typical
therefore only one level is shown in detail on this diagram.
Red lines represent signaling line circuits (SLC) connecting all initiation appliances only. Green
lines represent a notification appliances circuits.
FACP stands for a fire alarm control panel which is the primary control unit for the entire fire
alarm system. A remote annunciator is designed to identify which device is activated or in
trouble. The diagram only shows one annunciator, but two remote annunicators are provided for
this complex, one in Building A and the other one in Builidng B.
FTC (fire terminal cabinets) are typically required on every floor and usually contain initiation
and output terminals for wiring of the fire alarm devices for one specific floor.
This schematic is designed to shows only a partial wiring of the devices. For a complete system
outline (location of all devices) refer to Appendix E of this report for fire alarm shop drawings.
The permitted number of the devices and a length of a single wiring loop is determined based on
the voltage drop calculations presented in the next section. See Section 5.3.5. for details.
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Figure 24:

Fire Alarm One‐Line Diagram

See Appendix E for partial fire alarm shop drawings.
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5.3.5 Power Requirements
Batter Calculations – Battery is considered to be a secondary power source for the fire alarm
system components in case if the primary (utility) power becomes unavailable. Typically every
floor level requires a separate batter pack and a separate calculation. This is identified on Figure
24 above in a one‐line diagram. Note that for Level 1/P1 battery pack is inside the FACP and
therefore a separate battery is not shown on the diagram.
The following calculation is for Level 1/P1 battery requirement. See Figure 25 below.
Figure 25:

Level 1/P1 Battery Requirement Calculation
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Standby and alarm current requirements for all devices used in Figure 25 were taken from the
FPE 522 class notes. Alternatively this information can be obtained from manufacturer’s
specification for their devices.
As calculation above states a 7.57 amp‐hour battery rating is required for Level 1/P1, a 10 amp‐
hour battery is provided. This battery provides a sufficient safety margin.
Voltage Drop Calculations – Each wiring circuit requires a minimum of 16 volts at the very last
device on the loop to operate properly in an alarm condition. Circuit length, wire size and
voltage requirements are necessary for this calculation.
Notification devices typically provide the most voltage drop/demand due to the operation of
horns and strobes that draw a lot of current in an alarm situation.
Voltage drop for a notification circuit on Level 2 is presented below in Figure 26.
Figure 26:

Level 2 Notification Circuit Voltage Drop

Voltage at the last device is calculated using 24V as a starting point and subtracting the
calculated voltage drop. Such as: 24V – 6.57V = 17.42V at the last device. This is an acceptable
calculation because the voltage at the last device is above the required 16V minimum.
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5.3.6 Detact vs FDS Smoke Detector Activation Comparison
Level 5 Suit (Mezzanine Kitchen Fire) – Estimate smoke detector activation time based on
DETACT model. Compare results with the FDS model simulation completed in Part 8 Performance
Based Approach for fire scenario # 3 (page 63).
The mezzanine suite was estimated to be approximately 6m to the top of the ceiling. The total
room height was reduced to compensate for stove height of about 1 meter. Ceiling height of 5 m
is shown in the table below.
Smoke detector activation is simulated based on the temperature rise criteria. Actuation
temperature represents “scattering temperature rise” of 7.2 degrees Celsius for polyurethane
material (NFPA 72 Table B.4.7.5.3). This might present some deviation in results compared to FDS
model because FDS uses propane fire as a default value. As such, different smoke production
rates might affect smoke detectors differently and therefore have inconsistent detection times.
Table 9:

DETACT Model

DETACT Model Results:

Smoke detector activated at 47 seconds and approximately 104 kW
for heat release rate.

FDS Results from Part 9:

Smoke detector activated at 36 seconds and approximately 45 kW
for heat release rate. It should be noted, however, that FDS
HRR/Temperature curve did indicate HRR of approximately 110 kW
at 47 seconds.

Analysis:

DETACT model
FDS model

= 47 seconds (activation time)
= 36 seconds (activation time)
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5.3.7 Phased Occupant Evacuation
Simultaneous evacuation of both Buildings A and B, which are physically separated above grade,
and Parking/Retail Building could cause confusion and hamper firefighting efforts without
increasing occupant safety.
For example, an alarm originating in Building A would not create an initial hazard for occupants
of Buildings B. However, the unnecessary evacuation of hundreds of people from those
buildings to the sidewalks could affect Fire Department access, and as such, phased evacuation
concept for this project is implemented. Discussion of the existing evacuation concept and
possible alternative solution is addressed below.
Smoke Control System ‐ Section 909 of the IBC addresses the requirements for limiting smoke
movement between connected buildings. The purpose of this section is to establish minimum
requirements for the design, installation and acceptance testing of smoke control systems that
are intended to provide a tenable environment for the evacuation or relocation of occupants.
The Smoke Protected Vestibules and/or Stair is a smoke control measure designed to be
provided between the Parkade/Retail Building and the elevators/stairs serving the above
grade buildings to limit smoke movement between all connected buildings.
The minimum pressure difference across a smoke barrier (vestibule/stair) shall be 0.05 inch
water gage (12.4 Pa) in a fully sprinklered building in accordance with Section 909 of IBC.
Strobe lights will be located outside the Smoke Protected vestibules/stairs on the parking
garage side and will be activated if the building above is in fire alarm. This will notify
occupants of the Parking/Retail building that the Building above the 3‐hr fire barrier is in
alarm.
In the event of initiation of any fire alarm initiating device anywhere within the project, the
Smoke Protected Vestibules will limit or prevent smoke movement between all Buildings via the
parking garage and therefore meet the requirements of Section 909.
Existing Evacuation Concept – Building A and Parking/Retail Building are considered as a
single fire alarm zone (Zone 1) for fire fighter response and will be evacuated
simultaneously upon fire alarm activation anywhere within these two buildings.
The figure 27 below represents the existing phased evacuation approach such that
Parkade/Retail and Building A will be considered as a single fire alarm zone for purposes of
occupant evacuation. This is due to the fact that Smoke Protected vestibule is not provided on
Level P1 for Building A.
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Figure 27:

Existing Evacuation Concept Diagram

As described earlier Zone 1 of the diagram above will be evacuated simultaneously because
any fire initiation in the Parking/Retail building will be able to migrate to Building A above.
However, due to a Smoke Protected Vestibules at Building B elevator shaft, smoke in the
Parking/Retail would not affect occupants of Building B and therefore Building B evacuation
would not be necessary.
Activation of an alarm initiating device in Building A above grade will result in audible signals in
Building A and the Parking/Retail Building and Fire Department response to the main entrance of
Building A, addressed 2630 77th Avenue SE. An alarm initiating device activated within Building
B will result in audible signals in Building B only and the Fire Department responding to the main
entrance of Building B, addressed 7785 Sunset Drive. Similarly, an alarm initiating device
activating in the Parkade/Retail Building will result in audible signal devices sounding in the
Parkade/Retail Building and Building A, remote monitoring station will direct Fire Department
response to Building A lobby, where direct access to parkade levels is provided.
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Alternate Evacuation Concept – This proposed concept would subdivide the entire complex
into 3 separate fire alarm zones for fire alarm initiation and allow for phased evacuation of
each building individually. See diagram in Figure 28 below.
Figure 28:

Alternative Evacuation Concept Diagram

Figure 28 above represents the alternative arrangement that would allow phased evacuation of
all three buildings for this complex. Specifically Smoke Protected vestibules will be provided for
both residential buildings as indicated in “light blue” on the diagram above.
For this alternative concept, activation of an alarm initiating device in Building A above grade will
result in audible signals in Building A only and Fire Department response to the main entrance of
Building A, addressed 2630 77th Avenue SE. An alarm initiating device activated within Building
B will result in audible signals in Building B only and the Fire Department responding to the main
entrance of Building B, addressed 7785 Sunset Drive. Similarly, an alarm initiating device
activating in the Parkade/Retail Building will result in audible signal devices sounding in the
parkade, mercantile and assembly occupancy only and Fire Department response to Building A
lobby, where direct access to parkade levels is provided.
In the event of initiation of any fire alarm initiating device anywhere within the project, the
Smoke Protected Vestibules will limit or prevent smoke movement between all Buildings via the
parking garage.
Three possible fire scenarios are presented below to identify how the smoke management
system will operate in each case to prevent smoke migration and allow for phased evacuation
of occupants:
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Scenario 1 ‐ Alarm initiating device activates in Parking/Retail Building on Levels P1 or P2:
 Audible and visual alarms will sound throughout the Parkade/Retail building only.
 Remote monitoring station will direct the Fire Department to Building A Lobby
 No audible alarm will sound in Building A or B
 Smoke Protected Vestibules for Building A and B in parking garage will activate
 Strobe lights outside the Smoke Protected Vestibules will not activate.
 Parking/Retail occupants only will be evacuated
Scenario 2 ‐ Smoke detector activates in the parking level, Building A Smoke Protected Vestibule:
•
The fire alarm will sound throughout Building A
•
The fire alarm will sound throughout the Parkade/Retail building
•
Remote monitoring station will direct the Fire Department to Building A Lobby
•
Annunciator in Building A will indicate the location of the fire alarm device.
•
All Smoke Protected Vestibules will activate
•
Building A and Parkade/Retail occupants will be evacuated.
Scenario 3 ‐ Alarm initiating device activates in Building A:
•
Audible and visual alarms will sound throughout Building A only
•
Remote monitoring station will direct the Fire Department to Building A lobby.
•
Annunciator in Building A will indicate the location of the fire alarm.
•
All Smoke Protected Vestibules will activate.
•
Strobe lights in the parkade outside Building A elevator lobby/stair will
activate.
•
Building A occupants only will be evacuated.
5.3.8 Inspection, Testing and Maintenance (ITM) of alarm systems
Records of fire alarm system completion forms are available on www.nfpa.org/72forms
Inspection and testing is subdividing into visual and functional tests. Functional test require actual
testing of the system.
NFPA 3 is the new standard for Commissioning and Integrated System Testing handbook.
NFPA 72 Ref. 14.2.3 addresses ITM alterations and additions.
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PART 6: FIREFIGHTING ACCESS
The Fire Department access routes are located so that the principal entrance to a building is not
more than 15 m (49 ft.) from the closest portion of the access route. The principal entrances to
each of Buildings A and B and the Parkade/Retail will comply with this requirement as shown on
the site plan in Appendix A. A direct access to Parkade/Retail is available from Building A lobby.
A direct access to all commercial retail units (CRU) is provided from the street. Notification of
the responding personnel will be coordinated to each of the separately addressed entry lobbies.
In order to facilitate Fire Department response, based on the location of a fire alarm within the
project, the Fire Department response point identified by the remote monitoring station will be
as shown in Table 10 below:
Table 10 ‐ Fire Department Response Points
Fire Alarm Location

Response Point

Building A

Building A Lobby Entrance ‐ 2630 77th Avenue SE.

Building B

Building B Lobby Entrance ‐ 7785 Sunset Drive

Parkade/Retail

Building A Lobby Entrance ‐ 2630 77th Avenue SE.

PART 7: EMERGENCY LIGHTING & POWER
Emergency lighting is provided in exits, public corridors, and in principal routes providing
access to exits in an open floor area (parking levels) at illumination level of not less than 1 foot‐
candle (11 lux) at the floor level in accordance with Section 1003.2.11.
Emergency power is provided for emergency systems, such as fire alarm and detection systems,
emergency lighting and exit signs, in accordance with Section 1003.2.11.2 for not less than 90
minutes.
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PART 8: PERFORMANCE BASED APPROACH
Article 8.1 – Methodology
Article 8.2 – NFPA 101 Life Safety Code (LSC)
Article 8.3 – Tenability Criteria
Article 8.4 – Fire Scenarios
Section 8.4.1 – Garage Automobile Fire
Section 8.4.2 – Amenity Room Fire
Section 8.4.3 – Level 5 Mezzanine Kitchen Fire
8.1 METHODOLOGY
The use of performance‐based approach allows tailoring fire protection to unique features of
the building. However, some of the challenges are that this kind of an approach is sensitive to
change in building use and requires a certain level of expertise from designers and enforcement
officials.
For the evaluation of occupant safety in the case of building fires, the Available Safe Egress
Time (ASET) is compared with the Required Safe Egress Time (RSET). This concept has
become widespread and is now commonly used in the fire safety engineering profession.
Conditions are considered acceptable if the ASET is greater than the RSET, after applying an
appropriate safety factor (MoS).
ASET ‐ Available Safe Egress Time is the amount of time that elapses between fire ignition and
the development of untenable conditions. Untenable conditions may consist of:
•
•
•

Smoke layer to descent to a height of 1.8m (6 ft),
Visibility through smoke that typically ranges between 4 ‐ 13 meters depending on
the occupants familiarity with the surroundings, or
Temperature threshold of at least 60 Deg. Celsius (NFPA 130 B.2.1.1)

Different performance criteria may be assigned to different occupancies. ASET is determined by
applying Fire Dynamics Simulator (FDS) fire modeling. FDS is a widely recognized and utilized
fire modeling program published by the National Institute of Standards and Technology (NIST).
FDS Process:
1. A design fire is determined by considering the types of combustibles present and their
associated product yields (primarily soot and carbon monoxide). SFPE Handbook has a
wide range of tables that present various heat release rates (HRR) for various fires.
2. Once the design fire has been established it is specified in the FDS simulation along with
overall geometry of the space being considered for smoke study.
3. Established Tenability parameters such as visibility through smoke and temperature are
considered. Once the threshold for Tenability has been reached, this is recorded as ASET,
expressed in time after fire ignition.
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RSET ‐ The Required Safe Egress Time (RSET) is the amount of time that is required for
occupants to evacuate a building or space in order to reach the building exterior or a protected
exit enclosure. RSET time is primarily based on the effectiveness of the fire detection system to
alert the occupants of fire and to provoke evacuation. It should also be noted that pre‐
evacuation activity is another major component of RSET time.
RSET Evaluation:
1.

Fire alarm activation delay (smoke detector / pull station activation or sprinkler
activation time)

2.

Pre‐movement activity. This is generally the most uncertain aspect of performance‐
based egress analysis. There is no exact data as to how people would respond to fire
and smoke. Actions such as collecting belongings, notifying others, searching for friends
and family, attempting to call the Fire Department, getting out of washrooms or even
sleeping can add delay to building evacuation. SFPE Handbook Table 3‐12.2 provides
some useful data for this analysis.

3.

Movement time. The movement time is calculated either by applying empirical
relations for walking speed and occupant flow rates through egress elements such as
doors, stairs, and corridors, or by applying evacuation modeling such as Pathfinder
computer model. Pathfinder model was used for all movement simulations presented
in this report.

4.

Acceptable Margin of Safety (MoS) must be applied for extra safety factor

5

RSET = (Fire alarm delay + pre‐movement activity + movement time) x (MoS)

Conditions are considered acceptable if the ASET is greater than the RSET as shown on the
diagram below.

Applicable Standards ‐ NFPA 101 (2003) Life Safety Code Chapter 5
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8.2 NFPA 101 LIFE SAFETY CODE (LSC)
Chapter 5 of LSC 2003 provides a performance based alternative to the prescriptive provisions.
This performance‐based option outlines a process that can be used to determine whether the
building design satisfies the fire safety goals and objectives specified in the general prescriptive
code. The requirements of Section 5.1.1 of Chapter 5 apply to life safety systems designed to
the performance‐based option permitted.
Design Fire Scenario ‐ NFPA 101 (2003) Chapter 5, Section 5.5.3.8 specifies a design fire
scenario #8. This scenario addresses concerns regarding unreliability of the fire protection
systems. As such during fire modeling simulations (FDS modeling) one of the fire protection
features must be disabled. Commonly this refers to an active (fire sprinkler system) or passive
(fire barriers) fire protection features. Three separate fire simulations presented in Section 8.5
of this report will specify which fire protection feature will be disabled.
Performance Criteria ‐ NFPA 101 (2003) Chapter 5, Section 5.2 specifies four different methods
to ensure that occupants are not exposed to instantaneous or cumulative untenable
conditions. For this project the two following methods have been selected:
•

Method 2 ‐ this method must meet tenability criteria (See TENABILITY
CRITERIA Section 8.4 below) for visibility and temperature until all
occupants safely evacuate. ASET vs. RSET calculation is required for this
method.

•

Method 4 ‐ this method must demonstrate that no fire effects will reach any
occupied room or space. This is a very conservative approach. Advantage of this
method is that there is no need to account for occupant movement, location or
pre‐ fire characteristics.

Appropriate methods specified above will be addressed in Section 8.5 for each fire scenario.
8.3 TENABILITY CRITERIA
Tenability performance criteria is governed by hazards such as smoke obscuration, irritant
concentration doses, asphyxiate concentration doses, and thermal impacts:
1.

Smoke obscuration limits visibility through smoke which can impact person’s ability
to locate exits. Typically vision distance of 10 m is generally required in accordance
with SFPE handbook.

2.

Irritant concentration doses are caused by acid gases such as Hydrogen Chloride
(HCI), Hydrogen Bromide (Hbr), and Hydrogen Fluoride (HF)
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3.

Asphyxiate concentrations doses typically caused by gases such as Carbon Monoxide
(CO), Hydrogen Cyanide (HCN) and Carbon Dioxide (CO2) which typically increases
persons respiration rate which causes quicker absorption of CO and HCN gases.

4.

Thermal impacts are generally gas temperature and radiative heat flux as described
in NFPA 130 B.2.1.1

Parameters set for this project:
‐ Visibility must remain at 10 meters minimum (NFPA Fire Protection Handbook pg. 4‐35), and
‐ Temperature that occupants will be exposed to must not exceed 60 degrees Celsius.
According to NFPA 130 B.2.1.1 Heat Effects, thermal burns to the respiratory tract can occur
upon inhalation of air above 60 degrees Celsius (140 F) that is saturated with water vapor.
8.4 FIRE SCENARIOS
Section 8.3.1 Garage Automobile Fire
Section 8.3.2 Amenity Room Fire
Section 8.3.3 Level 5 Mezzanine Kitchen Fire
8.4.1. Garage Automobile Fire
Heat release rate (HRR) data for this fire scenario was obtained from SFPE Handbook 4th
Edition. Page 3‐41, Figure 3‐1.79 provided by FRS and VTT laboratories. Figure 3‐1.79 is also
replicated below in Figure 29.
Figure 29:

SFPE Handbook Fig. 3‐1.79
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An average heat release rate of approximately 4 MW is recorded for Citroen BX. The highest
peak heat release rate measured according to FRS and VTT laboratories was just under 9 MW for
a Datsun 180 vehicle.
Fire Parameters:


HRR = 6,000 kW (6MW) fire was specified for this fire scenario. Initially the HRR was based
on Citroen BX test data; however, final HRR was increase to 6 MW for extra safety factor.
A steady state fire will be assumed for this simulation, ramp function will be disabled.



Fire barrier resistance rating will be compromised. This is located between the parking
garage and the Amenity space. Door will remain open to simulate this condition.



Fire sprinkler system will remain active.

A steady state fire assumes instantaneous ignition to peak heat release without any ramp time.
Therefore sprinkler system activation will activate very early into the simulation, which would
not be representative of a real fire situation. However, early sprinkler activation does not have
any effect on smoke development in FDS model, only temperature will be reduced due to
sprinkler cooling effect.
Sprinkler activation occurs at approximately 12.3 seconds into the simulation as shown on the
Smokeview screenshot below. See Figure 30 below.
Figure 30:

Smokeview model of the car fire @ 12.3 seconds.
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Figure 31:

Smokeview model of the car fire @ 300 seconds

Figure 31 above represents smoke conditions after 5 minutes of simulation time. As seen from
Figure 31, there was no migration of smoke from the parking garage into the Amenity space,
even with the open door (compromised fire barrier).
Analysis ‐ The FDS model for the parking garage fire was confined for modeling purposes. As
seen from Figure 31, the total parking garage volume was substantially reduced which reduces
the extra volume for smoke containment and therefore produces very conservative results.
Also the high ceiling in the parking garage, about 4 meters high, helps to contain the smoke layer
at a higher elevation and therefore reduces any smoke migration into the Amenity space, even
with the open door.
The simulation shows results after 300 seconds (5.0 min) of simulation, no smoke has entered
into the Amenity room area. Some minor traces of smoke are visible on the Smokeview
screenshot on Figure 31, but his is due to the model setup with a minor leakage through the
ceiling assembly that was not connected properly.
As such, this fire scenario meets the selected Tenability Criteria for method 4 (See Section 8.3)
and as such RSET analysis will not be required and therefore was not conducted for this scenario.
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8.4.2. Amenity Room Fire
Heat release rate (HRR) data for this fire was obtained from SFPE Handbook 4th Edition.
Page 3‐48, Figure 3‐1.102 provided by NIST. Figure 3‐1.102 is replicated below in Figure 32.
Figure 32:

SFPE Handbook Fig. 3‐1.102

A peak heat release rate of approximately 3,000 kW (3 MW) was recorded for upholstered furniture
containing no fire retardant chemical according to NIST.
Fire Parameters:
•

HRR = 3,000 kW (3MW) fire was selected for this scenario. This is based on upholstered
furniture which was presented as a worst case from the figure above. The fire will be
modeled as a fast growth rate fire.

•

Fire sprinkler system will not be active for this simulation.

•

Fire will be located in the corner of the room and will compromise one of the exits of the
Amenity space. Amenity space is a visually open space.
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Figure 33:

Smokeview Setup. Amenity fire location (corner of the room)

Figure 33 outlines the general layout of the Amenity room as it appears in the FDS model. A pool
table with green cover and decorating beams (dark brown) are shown in the model.
Figure 34 below shows a Smokeview simulation that represents the fire conditions within the
Amenity Room after 300 seconds (5 min.) of fire simulation. Dark smoke has completely filled the
space and is visible coming out of all three exits doors. See figure 34 below.
Figure 34:

Smokeview Screenshot after 300 seconds (5.0 min)
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The visibility slice file in Figure 35 below indicates that visibility criteria of 10 meters at
elevation of 1.7 m above the floor was reached at approximately 165 seconds (2.75 min). See
figure 35 below. The black outline represents areas where visibility is at 10 meters.
Figure 35:

Smokeview visibility slice fire at 165 seconds

Additionally a temperature criteria was also evaluated. See Figure 36 below for temperature slice
file. A maximum temperature criteria of 60 deg. Celsius was reached at approximately 125 sec.
(2.08 min) at elevation of 1.7 m above the floor. The black outline represents areas that are at 60
deg. C. Therefore the most conservative approach, time of 125 seconds will be assumed as ASET.
Figure 36:

Temperature Slice File at 125 seconds
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RSET ‐ Required Safe Egress Time for Amenity Room is based on the following parameters:
1.

Fire Alarm Activation. Amenity is a visually open space. It is assumed that a pull
station will be activated within 10 seconds of the fire initiation. Sprinklers were
disabled for this simulation (NFPA 101 fire scenario #8)

2.

The pre‐movement time is based on Table 3‐12.1 of the SFPE Handbook 4th Edition
which specifies the NFPA timetable of Station Nightclub Fire. The table indicates that
the crowd will begin to react after approximately 19 seconds of hearing the alarm.

3

Movement time of 91.5 seconds is based on the Pathfinder simulation. Occupant
load of 259 persons was assigned to the Amenity space with only 2 available exits, 1
was compromised by the fire. This simulation imitates a small dance club fire. See
Figure 37 below.

The total RSET time as presented above is approximately 120.5 seconds. An acceptable margin of
safety (MoS) is already built into the Tenability and the fire scenario criteria. This represents
compromising an extra exit that is not required by NFPA 101 fire scenario #8.
Figure 37:

Pathfinder Amenity Egress Simulation

Analysis ‐ ASET vs RSET. ASET for this simulation is based on the temperature threshold of 60
Deg. Celsius which is more conservative than visibility through smoke criteria.
Available Safe Egress Time is 125 seconds which is larger than a Required Safe Egress Time of
120.5 seconds. Margin of Safety is built in the Tenability Criteria. As such performance objective
is met.
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8.4.3. Level 5 Mezzanine Kitchen Fire
Heat release rate (HRR) data for kitchen fire was obtained from the online resource data from
paper by NIST. A detailed summary of heat release rates for different oil types and pan
diameters is replicated below in Figure 38.
Figure 38:

UL 300A Fire Characterization

Fire Parameters:
•

HRR = 700 kW fire was used for this fire scenario. The selected HRR is larger than would
normally be anticipated for a kitchen fire. However, to account for possibility of multiple
pans catching on fire the HRR was increased to 700 kW. This is very conservative based on
the table presented above. The fire will be modeled as a fast growth rate fire.

•

Fire sprinkler system will not be active for this simulation.

•

Smoke detector a the mezzanine level will remain active

•

Fire will be located at the kitchen stove adjacent to the only exit door out of the suit.
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Figure 39 below represents a Smokeview file of the Level 5 suite with a mezzanine level, shown
in blue. Fire is visible on the kitchen stove just below the mezzanine, near the only exit door.
Smoke detector at the mezzanine level (at the high ceiling location) activates at approximately 36
seconds from the time of fire ignition.
Figure 39:

Smokeview Screenshot. Kitchen fire @ 28 seconds

Due to early smoke detector activation and the fact that the smoke would travel up to the
mezzanine level, it was more critical to verify the temperature range near the stove that might
compromise the only means of exit out of the suite. Figure 40 shows the temperature slice file at
145 seconds which indicates that the tenability temperature limit on the main level was reached
at approximately 145 seconds at elevation of 1.8 meters above the main level.
Figure 40:

Smokeview Screenshot at 145 second
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RSET – Required Safe Egress Time for Mezzanine is based on the following parameters:
1.

Smoke detector at the mezzanine level was activated at approximately 36 seconds after
the initial ignition, based on FDS modeling. Sprinklers were disabled for this simulation
(NFPA 101 fire scenario #8)

2.

The pre‐movement time of 60 seconds was based on a reasonable estimation for
occupants to react to fire alarm and begin evacuation (based from personal experience).

3

Movement time of 15.5 seconds was based on the Pathfinder simulation. Occupant
load of 12 persons was assigned to the suite. See Figure 41 below.

The total RSET time as presented above is approximately 111.5 seconds. An acceptable margin
of safety (MoS) is already built into the Tenability and the fire scenario criteria, specifically HRR
was well above what is required for the kitchen fire.
Figure 41:

Pathfinder Mezzanine Level Egress

Analysis ‐ ASET vs RSET. ASET for this simulation was based on the temperature threshold of
60 Deg. Celsius which is more conservative than visibility through smoke criteria for this
situation.
Available Safe Egress Time was 145 seconds which is larger than a Required Safe Egress Time
of 111.5 seconds. Margin of Safety is built in the Tenability Criteria. As such performance
objective is met.
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PART 9: RECOMMENDATIONS
During the course of review of this project I have identified three items for recommendation:
1.
Exposure analysis between Buildings A and B require further review.
2.
Travel distance deficiency in the Parking Level P1
3.
Garbage room door (rated closure) propped open during the building operation.
Item # 1 – The distance to the imaginary property line, represented here as Limiting Distance
(LD) in accordance with Section 704.3 between the two buildings (A and B) is approximately
LD = 3.5 m (11.5 ft), this is an average distance. Refer to Part 3, Section 3.5 on page 16 and to
site plan drawings in Appendix D of this report for details.
Based on my earlier discussion in Section 3.5, a maximum of 45% of unprotected openings
are permitted for either Buildings A or B on the side where two building are facing each other
across the imaginary property line.
The elevation drawings were not available for review to determine the exact percentage of
openings versus the building face area for Buildings A or B. The only available picture below
shows a section of the exposing wall of Building A. The total area of windows seems to
exceed the permitted 45% of the entire wall. No water curtains or fire shutters are provided
for windows that exceed 45% and as such, this item requires further review.
Details architectural elevations drawings will be required for further analysis.
Picture 1:

East Side of Building A
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Item # 2 – In accordance with LSC Table A.7.6 maximum travel distance of 60 m (200 ft) is
exceeded in the Parking Level P1 from the Riser Room enclosure. See Figure 42 below or refer
to Appendix D for code markup drawings.
Figure 42:

Level P1 Travel Distance Deficiency

Item # 3 – Garage garbage room door propped open during typical building operation. Garbage
room is required to be separated from the remainder of the parking garage by a 1 h fire barrier
in accordance with IBC Table 302.1.1. By maintaining an open door into a garbage room during
the building operation, a continuity of fire barrier is compromised. Door should remain closed
when not being used.
Picture 2:

Garbage Room in the Parking Garage
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APPENDIX F

Verification and Validation

Pathfinder 2009.1.0417

4.0 Comparisons to Experiments
This section presents Pathfinder models designed to reproduce experimental results.

Seyfried et al.
This validation test compares Pathfinder to a series of small-scale experiments (Seyfried, Passon, et al.,
Capacity Estimation for Emergency Exits and Bottlenecks 2007). The experiments were conducted in
using room constructed from dividers with an adjustable-width corridor. Once occupants had exited the
corridor they were clear of the experimental environment. Figure 24 illustrates the experimental setup.

Figure 24: Experimental setup (Seyfried, Passon, et al., Capacity Estimation for Emergency Exits and
Bottlenecks 2007).
Each holding area can accommodate 20 occupants, allowing for experiments to be run with 20, 40, and
60 occupants. The corridor width was adjusted in the range from 0.8 m to 1.2 m at 0.1 m intervals.
These two variables provide for 15 test cases. Figure 25 shows the Pathfinder model used to simulate all
15 cases. Currently, only the bottom row of test cases can be compared because the experimental data
available for direct comparison is limited to the N=60 cases.

Figure 25: A Pathfinder model designed to replicate all 15 cases of the experiments.
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Setup Notes
All occupant count and door width variants are handled with a single Pathfinder model.
The occupant walking speed distributions were not given in the paper, but are assumed to be young
males and females based on overhead camera data. Based on this assumption, a uniform distribution of
walking speeds was chosen with a lower bound of 0.93 m/s and an upper bound of 1.85 m/s. These
bounds represent the union of two population groups presented in IMO 1238 (International Maritime
Organization 2007): "Males younger than 30 years" and "Females younger than 30 years."
Each test case was run 3 times. Prior to each run, all occupant data was randomized (select all
occupants, right-click, on the context menu, click Randomize).
The SFPE and SFPE+ simulations were run using a 150 cm boundary layer.

Results
Sufficient comparison data is only available for the N=60 experimental scenarios.
The first result we will examine is the time it took for occupants to pass through the entrance to the
corridor. This data can be extracted from Figure 3 in the original paper by identifying the time at which
density equals 0.0 (i.e. crossed the y-intercept).

Width (m)
0.8
0.9
1.0
1.1
1.2

Experiment (s)
47.0
36.9
34.0
28.9
25.0

SteeringAVG (s) SFPEAVG (s)
70.6
55.6
50.2
41.9
38.6

87.6
81.0
75.2
74.1
70.2

SFPE+AVG (s)
96.8
95.7
85.7
73.9
72.8

In addition, we are able to compare the overhead camera footage in the experiment to the results
visualization in Pathfinder. The exact scenario shown in the video at the left of Figure 26 is unknown,
but based on the apparent door width and ability of occupants to form two distinct columns, the results
video for a steering simulation using door width of 1.1 meters was selected for comparison (at right).
The figure was created using the cylinder visualization that illustrates occupant orientation with an inset
triangle.
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Figure 26: Experimental video (Seyfried, Passon, et al., Pedestrian and Evacuation Dynamics NETwork
2009) compared to Pathfinder visualization.

Analysis
All three Pathfinder simulator modes produce exit times that were considerably slower than the
experimental data. This can be partially explained by the "micro" nature of the experiment combined
with a young, able-bodied occupant population. However, there were noteworthy differences in the
queue formation (shape) in steering mode and the ratio of exit times for the SFPE and SFPE+ modes.
The following table shows the ratio between the average simulated times and the experimental data.

Width (m)
0.8
0.9
1.0
1.1
1.2

Experiment (s)
47.0
36.9
34.0
28.9
25.0

SteeringAVG

SFPEAVG

1.5x
1.5x
1.5x
1.4x
1.5x

1.9x
2.2x
2.2x
2.6x
2.8x

SFPE+AVG
2.1x
2.6x
2.5x
2.6x
2.9x

The steering calculation produced results that were a consistent factor slower than the experimental
data. The SFPE-based approaches produced results that became relatively slower as the door width
increased. The discrepancy between the experimental data and in the SFPE and SFPE+ modes is due to
the strict door flow rate imposed by the SFPE technique. It is likely that the fundamental diagram on
which the SFPE mode is based (Nelson and Mowrer 2002) did not adequately capture this particular
scenario. Commentary on this subject is available in the experimental documentation.
The graphical comparison suggests that the individuals in the experiment were organized in a relatively
tight wedge compared to the simulated (steering-mode) occupants. This preemptive "zipper" action
was not reflected in the simulation and probably accounted for some of the time difference between
the steering mode and the experiment.
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